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Background: Enhanced recovery after surgery (ERAS) pathways has been shown to minimize the duration
of hospital stay. The aim of this study was to identify which factors have the greatest impact at reducing
the length of stay within an enhanced recovery programme.
Methods: A retrospective case note review of patients undergoing open elective colorectal resections
between August 2007 and May 2009 was performed. Data on numerous pre, peri and postoperative
variables were collected. Postoperative complications, readmissions, length of stay and ﬁtness for
discharge were recorded. Using logistic regression analysis, univariate and multivariate analysis of
predictors for a shorter hospital stay was performed. Odd ratios and ninety-ﬁve percent conﬁdence
intervals were calculated and a p-value of less than 0.05 was signiﬁcant.
Results: There were 231 patients, of which 130 were female. Median age was 68 (IQR 56e76) years.
Median length of stay was 6 (IQR 5e9) days. On multivariate analysis, ASA grade (OR 2.85 (95%CI 1.17
e6.89), p ¼ 0.040), the avoidance of oral opiates in the postoperative period (OR 0.39 (95%CI 0.18e0.84),
p ¼ 0.016) and the duration of use of epidurals for postoperative analgesia (OR 0.44 (95%CI 0.12e0.94),
p ¼ 0.023) were found to be signiﬁcant predictors of reduced hospital stay.
Conclusion: Lower ASA grade, use of epidurals and avoidance of regular oral opiates are associated with
an earlier discharge in an ERAS programme.
 2010 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Duration of hospital stay is frequently used as a surrogate end
point indicating the success of excisional colorectal surgery.
Enhanced Recovery after Surgery (ERAS) protocols are now well
accepted as a means bywhich length of stay can be successfully and
consistently reduced without increasing readmissions, complica-
tions or cost of care.1e4 ERAS protocols comprise of a series of
measures which are implemented before, during and after surgery
e with the intention that their cumulative effect will accelerate
recovery of organ and specially gut function and hence reduce the
length of stay. The components of a typical ERAS protocol comprise
of preoperative education, a brief period of preoperative fasting
along with carbohydrate loading and the avoidance of mechanical
bowel preparation. In the preoperative period short and preferably
transverse incisions, regional analgesia along with avoidance of
opiates and avoidance of abdominal drains and nasogastric tubes
are advocated.3,4: þ44 01723 354031.
ciates Ltd. Published by Elsevier LtOver the years, numerous slightly differing ERAS protocols have
been formulated and there is considerable variance as to what
constitutes an ERAS pathway.5 For instance, while the protocol in
our institute necessitates patients to have a short duration of
fasting preoperatively, high inspired oxygen (80%) and active
warming these modalities have been adopted in few other
studies.6,7 Conversely, prophylactic use of laxatives8 and anti-
emetics9,10 during the postoperative period appear to be a part of
other studies but not in ours. Although all components of ERAS
pathways have been proven to be advantageous to some extent on
their own, it is not clear as to which of these components have
a greater impact on reducing the length of stay. In addition, patient
characteristics may also have a direct impact on the length of stay.
The aim of our study was to identify those factors which have
a signiﬁcant impact on patients’ length of stay in hospital after
undergoing elective colorectal surgery.
2. Methods
2.1. Patients
A retrospective review of 231 consecutive patients undergoing elective open
bowel resection between August 2007 and May 2009 was performed. Type andd. All rights reserved.
Table 1
Operative procedures.
Procedure Numbers
Anterior resection 48
Left hemicolectomy 47
Right hemicolectomy 74
Extended right hemicolectomy 14
Subtotal colectomy 12
Panproctocolectomy 14
Hartmann’s procedure 4
Abdominoperineal excision of rectum 1
Others 17
Table 2
Postoperative morbidity.
Complication Numbers
Wound infection 8
Pneumonia 6
Urinary tract infection 5
Prolonged ileus 12
Anastomotic leakage 5
Myocardial infarction 3
Transient ischaemic attack 2
J. Ahmed et al. / International Journal of Surgery 8 (2010) 628e632 629duration of operation and the incision used presence of stoma, use of opiates and
epidurals and postoperative complications were recorded. Non-modiﬁable factors
such as patients’ demographics, American Society of Anaesthesiologists (ASA) grade
and ﬁnal histopathology were also recorded.
2.2. Enhanced recovery protocol
Patients were managed using the Scarborough ERAS protocol.11 Details of this
protocol are shown in Appendix 1. All patients underwent open colorectal resec-
tions. Incision length was minimized and incisions were performed in a transverse
fashion whereever possible. Transverse incisions were made according to the site of
the colonic pathology and the intended resection to enable a curative resection.
Patients with right-sided colonic lesions had a transverse incision on the right side
of the abdomen, just below or above the level of the umbilicus depending upon the
level of the tumour. Similarly, patients with left sided colonic lesions had a trans-
verse incision on the left side of the abdomen. The initial incision was extended
laterally in a ‘hockey-stick’ manner where necessary to enable adequate mobi-
lisation of the splenic ﬂexure.
Patients received epidurals for postoperative analgesia when possible. If
epidurals were technically impossible or failed to work despite successful inser-
tion, patients were then prescribed intravenous morphine that was titrated via
patient-controlled analgesic (PCA) devices. Epidurals and/or PCA devices were
ceased as soon as possible when patients were comfortable and postoperative
pain was controlled with regular oral analgesia. Oral opiates were avoided when
possible. All patients received 4 g of paracetamol and 1.2 g of ibuprofen routinely.
2.3. Fitness for discharge and total length of stay
Patients with satisfactory progress in the postoperative period who had resto-
ration of normal gut function (deﬁned as the ability to tolerate three light meals in
a day), were not requiring intravenous medication and were sufﬁciently mobile
unaided were said to be medically ‘ﬁt for discharge’.
2.4. Morbidity and mortality
Early postoperative complications and mortality within 30 days of an operation
were recorded. Patients who had a re-laparotomy during the same admission were
recorded. After discharge, any readmission within 30 days was documented. All
patients were routinely reviewed in the outpatients department in 6e8 weeks time.
2.5. Statistical analysis
To enable us to determine univariate and multivariate predictors for a delayed
discharge, median length of stay was calculated. Patients with a length of stay above
the median were classiﬁed into ‘long’ group while those patients with a length of
stays below the median were classiﬁed into a ‘short’ group. All data were recorded
on an Excel spreadsheet and then analysed using standard statistical software (SPSS
Version 11 for Windows). For univariate analysis, comparisons of categorical data
were performed with the Chi Square test; comparisons of continuous data were
performed with the Mann Whitney’s U-test.
Predictors for a shorter length of stay on univariate analysis were entered into
a multivariate logistic regression model. Odds ratios and conﬁdence intervals for
each variable were obtained. A p-value of less than 0.05 was deemed signiﬁcant.
3. Results
3.1. Patients
There were 231 patients of which 130 were female. Median age
was 68 (IQR 56e76) years. Median body mass index was 25 (IQR
22e28). Fitness for surgery varied in our study population. Of the
231 patients, 46 (20%) were ASA I, 128 (55%) were ASA II and the
remainder were ASA III.
3.2. Operative details
Median operative timewas 100 (IQR 70e120) min. One hundred
and ﬁfty eight (68%) procedures were done for cancer. None of the
procedures were done laparoscopically. The procedures in our
study population are detailed in Table 1. One hundred and sixty ﬁve
(71%) patients did not have a stoma at time of surgery. Of the 231
patients, 116 (50%) had a laparotomy with a transverse incision, the
remainder through a midline incision.3.3. Postoperative analgesia
Two hundred and seventeen (93%) patients had successful
epidurals for postoperative analgesia. The majority (80%) of
patients were able to have their epidurals withdrawn within 48 h.
Ninety three (40%) patients had their epidurals withdrawn within
the ﬁrst 24 h of their operation and a further ninety four (40%)
patients had their epidurals withdrawn between 24 and 48 h
interval. Fourteen patients had failed or unsatisfactory epidurals
which required the use of a patient-controlled analgesic syringe
driver containing intravenous morphine. The use of regular oral
opiates was noted in 67 (29%) patients.
3.4. Morbidity and mortality
The details of postoperative morbidity in our study population
are detailed in Table 2. Forty-one (18%) patients had postoperative
complications. Postoperative septic complications were seen in 19
(8%) patients. These included patients who developed wound
infections, pneumonias and urinary tract infections. These patients
were treated with intravenous antibiotics according to local anti-
microbial policy. Postoperative ileus was seen in 12 (5%) patients.
All patients were treated conservatively with nasogastric decom-
pression and intravenous ﬂuids. Five patients (2%) had anastomotic
leakage conﬁrmed on CT Scanning. All ﬁve patients required a re-
laparotomy. There were eight (3%) deaths in our study population.
3.5. Length of stay
The overall median length of stay was 6 (IQR 5e9) days. Median
ﬁtness for discharge was shorter by a day (5 (IQR 4e7) vs. 6 (IQR
5e9) days, p ¼ 0.03). Readmissions were seen in 6 (3%) patients.
3.6. Predictors of length of stay
As mentioned, all patients were divided into one of two groups
(short vs. long) basedupon their overall lengthof stay.Median length
of stay for the short group was 5 (IQR 4e6) days. Median length of
stay for the long groupwas 9 (IQR 8e13) days. On univariate analysis
10 variables were found to be signiﬁcant predictors of a shorter in
Table 4
Multivariate analysis of predictors for a prolonged length of stay.
Variable Odds ratio (95% CI) P-value
Choice of incision 2.03 (0.93e4.43) 0.076
Histopathology 0.39 (0.03e5.63) 0.905
Type of operation 1.09 (0.19e6.33) 0.331
Fitness for surgery 2.85 (1.17e6.89) 0.040
Use of stoma 0.90 (0.33e2.47) 0.844
Use of oral opiates 0.39 (0.18e0.84) 0.016
Use of epidurals 0.44 (0.12e0.94) 0.023
Complications 0.41 (0.07e2.31) 0.064
Death 0.28 (0.01e6.21) 0.419
Age 0.98 (0.96e1.01) 0.278
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variables were found to be signiﬁcant. The 3 signiﬁcant variables
were: the patients’ ﬁtness for surgery (ASA grade), the avoidance of
oral opiates in the postoperative period and, the duration of use of
epidurals for postoperative analgesia (Table 4).
4. Discussion
The purpose of this study was to determine those factors which
have maximum impact on accelerating recovery after surgery by
reducing the length of stay. Our outcomes in terms of length of stay,
morbidity and mortality were comparable with previously pub-
lished series.12e14 Although on univariate analysis 10 factors were
associated with a reduction of length of stay, on multivariate
analysis only ASA grade, avoidance of regular oral opiates in the
postoperative period and the duration of use of epidurals were
predictors of earlier discharge from hospital.
The use of epidurals is associated with variations in the overall
length of stay. Admittedly, a large proportion (93%) of our patientsTable 3
Univariate analysis of predictors for length of stay.
Variables
Choice of incision Transverse
Midline
Gender Female
Male
Histopathology Cancer
Others
Grade of malignancy (including Dukes) Dysplasia/Carcinoma in situ
A
B
C
D
Others
Type of operation Anterior Resection
Left hemicolectomy
Right hemicolectomy
Extended right hemicolectomy
Subtotal colectomy
Panproctocolectomy
Hartmann’s procedure
Abdominoperineal excision of rectu
Others
Fitness for surgery (ASA) I
II
III
Use of stoma Yes
No
Use of oral opiates Yes
No
Use of epidurals None
<24
24e48
>48
Complications Yes
No
Readmission Yes
No
Mortality Yes
No
Age
Body mass index
Operative durationreceived epidurals for postoperative analgesia. Because of this, it is
difﬁcult to demonstrate cause and effect between the use of
epidural and its impact on length of stay. However, patients with
a brief use of epidurals were twice as likely to have a shorter length
of stay when compared with those who had prolonged use of
epidurals (OR 0.44 (95%CI 0.12e0.94), p-value ¼ 0.023). A recentLength of stay P-value
Short (n ¼ 120) Long (n ¼ 111)
71 45 0.005
49 66
68 62 0.901
52 49
80 78 0.044
40 33
9 5 0.257
8 11
36 27
25 34
2 1
49 38
29 19 0.029
28 19
36 38
6 8
3 9
3 11
2 2
m 0 1
13 4
33 13 0.001
70 58
17 40
27 39 0.034
93 72
23 44 0.001
97 67
6 8 0.020
60 33
41 53
13 17
6 35 0.001
114 76
3 2 0.716
117 109
1 7 0.023
119 104
64 (IQR 52e72) 71 (IQR 61e78) 0.001
25 (IQR 22e28) 25 (IQR 22e28) 0.576
100 (IQR 76e120) 95 (IQR 70e130) 0.818
Phase Intervention
Preoperative Preassessment and education by senior
surgeon and anaesthetist
No bowel preparation
Oral carbohydrate loading
Minimal fasting (2e3 h)
Intraoperative High inspired oxygen (80%)
Minimally sized incisions
Avoidance of drains and nasogastric tubes
Postoperative Early ﬂuid and diet reintroduction
Structured mobilisation plan
Avoidance opiate analgesics
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postoperative pain control, it does not lead to a reduction in length
of stay.15 However not all studies included in this metaanalysis used
the principles of ERAS. A number of studies have also questioned
the usefulness of epidural analgesia after laparoscopic colorectal
resection.16,17
In our study, use of regular doses of opiate based analgesics was
associated with a delay in discharge. ERAS protocols are thought to
work by accelerating the recovery of gut function.11,18 This view is
supported by our results. Both avoidance of opiates and the use of
epidurals have a beneﬁcial effect on the early recovery of gut
function by reducing the sympathetic tone and the stress response
to surgery.19 Althoughwe did not directly measure the return of gut
function, it is plausible that the earlier discharge of these patients
was a consequence of earlier return of their gut function. Since
a multivariate analysis does not demonstrate a causal effect, further
research into the causes of postoperative ileus is required.
In our study, agewas not found to be a predictor of length of stay
onmultivariate analysis whereas ASA grade was. These ﬁndings are
partly supported by the results of a larger and recently published
multivariate analysis which found that both advanced age and ASA
grade were predictors of length of stay.20 Our ﬁndings may reﬂect
the fact that the elderly comprise a variable group and may have
different levels of co-morbidities and cancer stage.21,22 In addition,
stage for stage, elderly patients who have signiﬁcant co-morbidities
are not always offered resectional surgery and therefore an element
of selection bias is inevitable in our cohort of patients.
The results of ourmultivariate analysis also suggest that the use of
transverse incisionshas a limited role inenhanced recoverypackages.
There isevidence to suggest that transverse incisions reduceanalgesic
requirements, pulmonary complications, and systemic inﬂammatory
responses.23e25Wemade a conscious attempt tominimize the size of
the incision. With this in mind, patients with transverse incisions do
notappear tohaveashorter lengthof stay (OR2.03 (95%CI0.93e4.43),
p-value ¼ 0.076). Our ﬁndings are supported by those of a recent
randomised controlled study.26 In this study, two hundred patients
were randomised into midline versus transverse incisions. Using
visualanaloguescores, therewasnodifference inpainscoresbetween
the two arms of the study. Likewise postoperative morbidity and
mortality was similar in both arms of the study.
Our overall length of stay was signiﬁcantly longer by a day when
compared with ﬁtness for discharge (6 (IQR 5e9) days vs. 5 (IQR
4e7) days, p-value ¼ 0.03). It remains debatable as to whether
ﬁtness for discharge is a better primary endpoint when compared
with overall length of stay. Time to ﬁtness for discharge is less
inﬂuenced by non-medical factors which delay discharge after
surgery. Whilst ﬁtness for discharge should, in theory, be a more
appropriate endpoint when compared with LOS dates (as it is less
inﬂuenced by social factors) we chose to study the factors which
inﬂuence the LOS, as it is a more recognisable endpoint in the
published literature. In addition, ﬁtness to discharge can often be
a subjective assessment and its deﬁning criteria often vary between
centres. Unanticipated delays of discharge from hospital frequently
occur because of reductions in the mobility of patients and
increasing needs for institution of home care packages.27 Addi-
tionally, in those patients who require the formation of a stoma,
postoperative training and education by specialist nurses often
requires input over several sessions.28 While preoperative assess-
ment can often anticipate potential problems associated with
patient discharge in terms of mobility or need for home packages,
stomal education has often been left as a postoperative after-
thought. However, onmultivariate analysis, the presence of a stoma
did not lead to a delay in discharge in our study. This may be
because, as a part of our ERAS protocol, we offered comprehensive
preoperative stoma training to appropriate patients.All components of ERASwork synergistically.1e4Whilst the results
of thepresent studysuggest that theuseofepiduralsandtheavoidance
of opiates are themost important factors in an ERASpackage, this does
not permit the conclusion that other factors have no beneﬁt. This was
emphasised in one of our previous studies in which epidurals were
used in both a control group and an ERAS study group. Despite effec-
tively excluding the effect of epidurals from subsequent data analysis
we still found signiﬁcant beneﬁts to the patients who were part of an
ERAS package.17 The importance of the use of all components of ERAS
as a package is also evident from previous studies on individual
components of ERAS. These studies have shown that only modest
beneﬁts are obtained when the individual components of ERAS are
used.14,29,30 The evidence suggests therefore that it is the cumulative
beneﬁt from all components of an ERAS package that is important.
Our study has some limitations. Firstly, data were collected
retrospectively. For this reason both medical and nursing notes
along with physiotherapy charts were simultaneously reviewed.
Despite this, the inﬂuence of certain other elements such as
preoperative counselling and carbohydrate loading and early
postoperative diet could not be studied. Further, factors such as
perioperative warming and restricted intravenous ﬂuids were not
assessed because these are now an integral part of our daily clinical
practice and used in all patients. Secondly, patients who underwent
laparoscopic resection were not included.
In summary, we have shown that within an enhanced recovery
package that the use of epidurals and the avoidance of opiates have
the greatest impact on the length of hospital stay. Efforts should be
taken to ensure high compliance to these modalities. Lastly, length
of stay is also inﬂuenced by patients’ ASA grade and this should be
considered in discharge planning.
Appendix 1. Enhanced recovery after surgery (ERAS) protocol
at Scarborough11Conﬂict of interest
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